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Soon after the discovery of topological insulators (TIs) a decade ago 1 , the role of magnetism and its potential to modify the electronic topology emerged as a central issue in the field of topological materials. Magnetic degrees of freedom provide a powerful means of tuning the decisive characteristic of any topological system: its symmetry. By now it is recognized that the interplay between magnetic order and electronic topology offers a rich playground for the realization of exotic topological states of matter, such as the quantum anomalous Hall state, 2, 3 the axion insulator state, [4] [5] [6] and magnetic Weyl and nodal lines semimetals, [7] [8] [9] enabling in turn different routes to spintronic applications. [10] [11] [12] The non-trivial topology in paradigmatic TIs like Bi2Te3 is a result of band inversion driven by strong spin-orbit interaction. 13, 14 Until recently, the interplay with magnetism in this class of systems has been mostly explored by extrinsic methods, such us doping a known TI 3 with magnetic impurities 13 or interfacing it with ferromagnets 15 . Numerous derivatives of Bi2Te3 doped by transition metals have been explored over the last years, 2, 3, 16 but the magnetically-active atoms did not form a periodic crystal sublattice. Recently, MnBi2Te4 has arisen as the first derivative of Bi2Te3 that hosts structurally and magnetically ordered Mn atoms on well-defined crystallographic sites. [17] [18] [19] [20] The possible emergence of an antiferromagnetic TI state in MnBi2Te4 is now being broadly scrutinized by theoretical and experimental methods. 6, 19, [21] [22] [23] [24] [25] [26] In this joint experimental and theoretical study, we establish another ternary manganesebismuth telluride, MnBi4Te7, as the first instance of a compound that features both an inverted electronic band structure and an intrinsic net magnetization. Moreover, several competing magnetic states observed for MnBi4Te7 in combination with the presence of topological surface states provide a versatile playground for tunability between different topological regimes.
Recent systematic, synthetic explorations of the Mn-Bi-Te system reveal new compounds that are ordered (Bi2Te3)n(MnBi2Te4) (n = 1, 2) modular stackings of quintuple (Bi2Te3) and septuple (MnBi2Te4) blocks (Fig. 1a) . 26, 27 In Ref. 27 , we report a deviation from the idealized MnBi4Te7 composition for n = 1 and a crystal-structure determination of the nonstoichiometric Mn0.85(3)Bi4.10(2)Te7. The non-stoichiometry manifests itself in Mn 2+ /Bi 3+ antisite defects and related cationic vacancies () in the septuple (Mn1-xx/3Bi2+2x/3Te7) blocks, where x = 0.15 for the structure refined in Ref. 27 . This intrinsic phenomenon has been reported for isostructural, 28 and structurally 20 -and compositionally-related 29, 30 compounds. In contrast to some of them, we find no indications of massive stacking faults in our crystals by X-ray or electron diffraction methods. 27 Henceforward, the title compound is denoted as Mn147, keeping in mind its non-stoichiometry, and MnBi2Te4 compound is denoted as Mn124.
Mn147 is thermodynamically stable in a high-temperature range 27 27 Herewith, we present an optimized crystal-growth route: mm-sized platelets (Fig. 1b) can be obtained by a stepwise slow cooling of a heterogeneous melt and longterm annealing in a precisely chosen temperature interval. These high-quality crystals enable the following studies of the crystal structure, the magnetic order, the transport and the surface electronic structure.
Our current structure elucidation by single-crystal X-ray diffraction confirms mixed occupancies of the cationic positions and vacancies, predominantly in the 1a site in the middle of the septuple block (Tables S1, S2 , Supplementary Note 1). The (Bi2Te3) block appears unaffected by cationic intermixing (Table S3) 20, [28] [29] [30] . The cationic disorder does not alter the trigonal lattice symmetry, neither inhibits long-range magnetic order.
Electrical resistivity (ρxx) measurements as a function of temperature (T) reveal a metallic nature of the material (see Fig. 1c ). Focusing on the most salient features of the data, a clear upturn anomaly is visible at 13 K, which is reminiscent of the typical signature of magnetic ordering in itinerant materials. 31 The upturn indicates enhanced fluctuations causing electron scattering, which is strongly reduced in the ordered phase, in which a steep decrease of ρxx occurs. Upon lowering the temperature, a jump-like drop at about 5 K reveals further reduction of scattering, possibly related to a rearrangement of the magnetic structure.
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Indeed, measurements of the magnetization (M) in an external field (H) as a function of temperature show an antiferromagnetic phase transition at TN = 13 K (Fig. 1d) . For H  ab and small fields, such as H = 200 Oe, a ferromagnetic-like increase occurs upon further cooling.
This is followed by a splitting of field-cooled (FC) and zero field-cooled (ZFC) curves at around 7 K, as well as a kink and a peak at about 5 K, respectively, the latter coinciding with the jump in the resistivity. Both features are rapidly suppressed by applying an external magnetic field.
In the magnetically ordered phase, interesting metamagnetic behavior occurs for H  ab as is evidenced by the magnetization curves (Fig. 1f) . For example, at T = 10 K a spin-flip-like feature is observed, and for T < 7 K dominating ferromagnetic hysteresis is apparent. This complex magnetic phenomenology is also reproduced by the Hall resistivity ρxy (Fig. 1g ). For T < TN, the system exhibits anomalous Hall effect tracking the observed metamagnetic behavior. For T ≤ 7 K the data reveal an additional metamagnetic transition in the low-field region µ0H ≤ 300 Oe. This observation is confirmed by a close inspection of the magnetization data. At 2.5 K a large hysteresis associated with global ferromagnetism is present. Above TN the anomalous contribution disappears, and only a standard component persists with a negative sign consistent with an n-type conduction (inset in Fig. 1g ).
The magnetic anisotropy of the compound is examined via additional measurements for H || ab (Fig. 1e) . The magnetic moment values in the ordered state are much lower in this case.
At lower fields both an antiferromagnetic transition and ZFC-FC splitting are observed, but the suppression of these features occurs at higher fields than for H  ab. For the H || ab direction the magnetization increases almost linearly with the applied magnetic field as expected for an antiferromagnet. On top of that, a spin reorientation at lower temperatures is indicated by an increase of M/H below ca. 10 K and a ferromagnetic net magnetization is clearly present.
Notably, the magnetization curves as a function of magnetic field in both directions show that the system is yet not fully saturated at µ0H = 5 T (inset in Fig. 1f ). High-field experiments are necessary to gain a better insight into the details of the magnetic phase diagram. To complement the magnetic characterization, we carried out X-ray magnetic circular (XMCD) and linear dichroism (XMLD) experiments at the Mn L2,3 absorption edge in total electron yield mode (TEY) with a typical probing depth of a few nm. 34 The XMCD data collected at T = 2 K provide evidence for a substantial remnant net magnetization of the Mn ions along the surface normal ( Fig. 2d ), in sharp contrast to our previous observations for Mn124 with antiferromagnetic order. 20 This confirms that the spontaneous ferromagnetic polarization observed in the bulk magnetization data below ~5 K extends up to the surface layers. A sizable XMLD signal in grazing light incidence and its absence in normal incidence further confirm the remnant out-of-plane magnetization ( measurements and similar to Mn124. 20 Our calculations show that the magnetic moments within the Mn layers prefer intra-plane ferromagnetic order with an out-of-plane spin configuration. The first-neighbor coupling is estimated as -0.09 meV/µB 2 , which is very close to the value reported for Mn124. 19 Furthermore, we find that antiferromagnetic ordering between the Mn layers (AFM1 state) results in a smaller total energy than the ferromagnetic ordering (FM state). The energy difference is, however, only about 0.5 meV/Mn atom, which is an order of magnitude smaller than in Mn124. 18 Moreover, this value is very close to the magnetic anisotropy energy, which yields about 0.5 meV/Mn atom in favor of the easy-axis , which shows that, in the absence of magnetism, the system would be both a strong topological insulator and a topological crystalline insulator, just like Bi2Te3.
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The influence of magnetism on the topological properties is first examined for the bandinversion phenomena. ARPES measurements are conducted to experimentally probe the non-trivial topology of the electronic structure on the natural cleaving (0001) surface of Mn147 (Fig. 4) . The overview band structures (Fig. 4a, Fig. S8d ,e in Supplementary Note 6) bear striking resemblance to previous ARPES experiments for the topological insulator Bi2Te3. 13, 36 Most importantly, we likewise find a state with a V-shaped dispersion in the bulk gap between the conduction and valence band states (BCB and BVB), near the Fermi level EF (Fig. 4b,g ).
Systematic photon-energy-dependent measurements confirm the surface character of this state (Fig. 4d) . By comparison to our density-functional calculations we thus identify it as a topological surface state (TSS) with Dirac-type dispersion (Fig. S7 ). The observation of conduction band states below EF is in line with our transport measurements, although the prominent feature BCB shows a markedly 2D character and possibly arises from band bending, as commonly found for Bi2Te3 37 and Bi2Se3 38 . At higher binding energies in the valence band, we observe additional surface states SS1 and SS2 (Fig. 4a, Fig. S8d ,e) that are similar to those previously detected for Bi2Te3. 36 According to first principles calculations, these states are highly surface-localized well within a single (Bi2Te3) quintuple layer, 36 suggesting that our results in Fig. 4a -f represent a surface terminated by a Bi2Te3 quintuple layer (QL). This is supported by our calculations in Fig. S7a for Bi2Te3-terminated Mn147, where similar surface states are found. Measurements on a single (0001) surface also revealed areas with a different well-defined band structure (Fig. 4g, Fig. S9 ), which we tentatively attribute to the second possible surface termination by a (MnBi2Te4) septuple layer (SL). Despite the reduced data quality for this SL-termination, qualitatively similar features are found as for the QLtermination. Both terminations accommodate a dispersionless feature at a binding energy near 3.8 eV, which can be attributed to the Mn 3d-states (Fig. 4a, Fig S9) , as confirmed by resonant photoemission measurements (Fig. S10) .
Unlike for Bi2Te3, our measurements for Mn147 suggest the presence of a finite separation between the TSS and the BVB. This gap-like feature shows a subtle photon-energydependence arising mainly from changes in the spectral appearance of the BVB maximum, as exemplified by the three data sets in Figs. 4b,c,f. The latter consists of at least two different features within a narrow energy range that exhibit complex hv-dependent intensity variations and possibly arise from a coexistence of surface-and bulk-derived states. The resulting gaplike feature is considerably smaller than in the case of Mn124. 19, 21 The measured band structure, thus, resembles more the one of the non-magnetic parent compound Bi2Te3 13 which is particularly apparent from the data sets in Fig. 4b ,c. As for Mn124, 19, 21 no considerable change of the spectra is observed in the paramagnetic regime, as demonstrated by the data set taken at T = 80 K (Fig. 4e ). This finding may be attributed to persisting spin fluctuations in the Mn atomic layers, and was similarly observed in different magnetically doped TIs. 39, 40 The competition between different magnetic phases in a band-inverted material, as observed here theoretically and experimentally for Mn147, is a finding that opens several research avenues. A phase-pure ingot of Mn0.85Bi4.10Te7 was synthesized by annealing at 590 °C for 3 days, subsequent cooling to 580 °C and, finally, annealing for 1 day. Worth noting is that powders with the idealized MnBi4Te7 composition that were prepared by this route contained impurities, suggesting that this composition lies outside the homogeneity range. High-quality single crystals of Mn1-xx/3Bi4+2x/3Te7 were grown by slow cooling (-1 K/h) of a melt from 650 °C down to 585 °C (right above the solidification point of Bi2Te3), followed by annealing for at least 1 day and rapid quenching. Platelet-like strongly intergrown crystals were mechanically extracted from the obtained ingots.
X-ray Diffraction and Energy-Dispersive X-ray Spectroscopy. Single-crystal X-ray diffraction data were collected on a four-circle Kappa APEX II CCD diffractometer (Bruker) with a graphite(002)-monochromator and a CCD-detector at T = 296(1) K. Mo-Kα radiation (λ = 71.073 pm) was used. A numerical absorption correction based on an optimized crystal description was applied, 45 and the initial structure solution was performed in JANA2006. 46 The structure was refined in SHELXL against Fo calculations were performed using the PBE implementation 49 of the Generalized Gradient Approximation (GGA) and treating the spin-orbit coupling in the 4-spinor formalism, as implemented in FPLO-18 50 . The experimental crystal structure based on a fully ordered MnBi4Te7 was used in our calculations. Namely, the cationic intermixing and cation deficiency were neglected and the stoichiometric limit MnBi4Te7 was considered. A linear tetrahedron method with a mesh of 16×16×2 subdivisions (or 16×16×1 in the AFM1 state) in the full Brillouin zone was used. GGA+U calculations we also performed using the atomic limit implementation of the double-counting correction and fixing J = 1 eV. The value of U affects the resulting bulk gap and determines at which energies the spectral weight associated with Mnd states is placed. We find that the position of the Mn 3d states measured with core-level spectroscopy (see Fig. S10 ) is best described by a moderate value of U ~ 2eV (see Fig. S3c ). Transport. The transport properties were performed in the standard 4-wires configuration using a home-made probe inserted in a He-bath cryostat by Oxford Instruments, endowed with a 15/17 T magnet.
SUPPLEMENTARY INFORMATION
Supplementary Note 1. Crystal-structure determination Table S1 . Crystallographic data for Mn0.75(3)Bi4.17(3)Te7 from an SCXRD experiment.
Crystal system, space group trigonal, P ̅ m1 (no. 164) (1) 173 (1) (Table S3 ). An unambiguous decision favouring one solution cannot be made from the resulting R-values that differ only marginally in the third decimal place. We learn that Mn/Bi intermixing in the quintuple layer is almost negligibly small in each considered model. Antisite defects in the Bi position of the septuple layer also amount to only a few percent. Thus, we refer to the model 2)
Formula units
in the main text, since it contains all notable hallmarks of the intrinsically defect crystal structure. Brillouin zone of Mn147 and Bi2Te3, respectively, indicating the paths used in Fig. 3 . f, Energy dispersion of Bi2Te3 (GGA+SOC).
Supplementary Note 4. Electronic band structure without spin-polarization
To address to what extent MnBi4Te7 inherits the topological properties from the Bi2Te3 building blocks, we consider an auxiliary density-functional calculation without spin-polarization.
Enforcing in this way the time-reversal symmetry naturally leads to Mn 3d states at the Fermi energy, but the solution still presents a well-defined gap between these bands and the rest of the valence bands (see Fig. S4 ). This allows us to characterize the topological invariants of the latter set in the absence of magnetism. In particular, the time reversal polarization results in Z2 = (1;000). In addition, the system has three mirror planes and we find the mirror Chern numbers to be -1. As a result, in the absence of magnetism the system would have a topologically non-trivial gap corresponding both to a strong topological insulator and a crystalline topological insulator, as Bi2Te3. when the magnetization is in-plane and perpendicular to one of the three mirror planes the surface state is topologically protected by the mirror Chern number. In our calculation, for a Bi2Te3-termination, the buried nature of the Dirac cone prevents from clearly observing a gap opening.
We have checked that this remains to be the case also for a larger value of U, e. g. 5 eV.
We also performed a search of Weyl nodes in the ferromagnetic phase (see Fig. S6 ). We focus on the conducting bands since samples tend to be electron-doped. We choose values of U = 2 eV and J = 1 eV, which are found to describe correctly the energy position of the occupied Mn 3d
states (see 
